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disorder in solvent or counterion; R factor = 
parameter ratio = 12.4. 



291 K; mean o-(C-C) = 0.006 A; 
0.056: wR factor = 0.132; data-to- 



In the title compound, [Fe(Ci2H8N302)2][Fe(Ci2H8N302)- 
(CN)3] H20, the Fe^* ions in the cation and anion each he in a 
shghtly distorted octahedral coordination environment. The 
solvent water molecule is disordered over three positions with 
occupancies of 0.401 (7), 0.322 (7) and 0.277 (6). The water 
content was confirmed by thermogravimetric data. 



Experimental 

Crystal data 

[Fe(Ci2HsN302)2]- 

[Fe(Ci2H8N302)(CN)3]-H20 
Mr = 886.42 
Triclinic, PI 
a = 9.6116 (12) A 
b = 14.2025 (13) A 
c = 15.1032 (16) A 
0- = 98.154 (2)° 



Data collection 

Rigaku CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higaslii, 1995) 
r„i„ = 0.803, r„„^ = 0.840 

Refinement 

R[F^ > 2a(F^)\ = 0.056 

wR(F'^) = 0.132 

5 = 1.10 

6943 reflections 

562 parameters 



P = 99.645 (3)° 

Y = 104.558 (2)° 

V = 1930.4 (4) A^ 
Z = 2 

Mo Ka radiation 
II = 0.82 mm"' 
T = 291 K 

0.28 X 0.24 X 0.22 mm 



18046 measured reflections 
6943 independent reflections 
6052 reflections with / > 2cr(/) 
R„, = 0.029 



1 restraint 

H-atom parameters constrained 
Ap„„, = 0.63 e A"' 
Ap„i„ = -0.61 e A"' 



Data collection: CrystalClear (Rigaku, 2008); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg, 2006); software used to prepare material 
for publication: SHELXTL (Sheldrick, 2008). 

The authors thank the Natural Science Foundation of 
Jiangsu Province (No. BK2009196) for financial support. 



Related literature 

For the background to cyanide-bridged low-dimensional 
systems, see: Lescouezec et al. (2005). For related structures, 
see: Lescouezec et al. (2004); Wen et al. (2006); Wu (2009). 




Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: YK2026). 
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Bis [A^-(pyridin-2-ylcarbonyl)pyridine-2-carboximidato-ft: A'^^ ^ '] iroii(III) tris(cyanido-A:C) [A^- 

3 

(pyridin-2-ylcarbonyl)pyridine-2-carboximidato-/c AVV'^"]ferrate(III) monohydrate 
Y. Xiao, X. Shen and Y. Li 

Comment 

In recent years, have been developed new synthetic strategies to prepare cyano-bridged low-dimensional systems by us- 
ing modified cyanometalates, [M(L)^(CN)J*^'^"™^' {M = first row transition metal ions and L = organic polydentate lig- 
ands), as multidentate ligands (Lescouezec et al., 2005), because these cyano-bridged bimetallic low-dimensional assem- 
blies possess extraordinary magnetic properties such as SMM (single molecule magnets) and SCM (single chain magnets). 

For example, it was found that [Fe(bpca)(CN)3]' {bpca = [A'-(2-pyridylcarbonyl)pyridine-2-carboximidate} can coordin- 
ate to transition metal ions to form various polynuclear and one-dimensional structures with interesting magnetic behavi- 
ors (Lescouezec et al., 2004; Wen et al., 2006). Recently, we had expected to obtain such low-dimensional systems using 

[Fe(bpca)(CN)3]' and lanthanide metal ion like Tb"^^ as the building blocks. However, an unexpected ion-paired compound 

of [Fe^^\bpca)2][Fe^^\bpca)(CN)3] instead of any [Fe(bpca)(CN)3]7Tb^^ cyano-bridged assembly was obtained. Herein, 
the crystal structure of the prepared complex is presented. 

The asymmetric unit of the title complex consists of a [Fe^^^(bpca)2]^ cation, a [Fe^^\bpca)(CN)3]" anion and one H2O 

molecule (Fig. 1). In [Fe^^^(bpca)2]^cation, the Fe^^^ ion is coordinated by six nitrogen atoms from two tridentate bpca lig- 
ands in a ffzer-mode, and exhibits a distorted octahedral coordination configuration. The Fel — bond lengths are in the 
range of 1.910 (3)-1.979 (3) A, which is consistent with the values 1.900-1.977 A reported for [Fe"^(bpca)2]C104.CH30H 
(Wu, 2009). In [Fe"\bpca)(CN)3]" anion, the Fe ion is coordinated by three carbon atoms of cyanide groups and three 

N atoms from bpca ligand in a mer-arrangement, which results in a distorted octahedral environment around the Fe^^^ ion. 
The Fe2— N(bpca) bond distances vary in the range of 1.898 (3)-1.977 (3) A, which are close to those (1.893 (2)-1.959 (2) 

A) found in the complex of PPh4[Fe^^^(bpca)(CN)3].H20 (Lescouezec et al, 2004). The Fe2 — C(cyano) bond lengths 

(1.922 (4)-2.000 (4) A) are shghtly longer than those (1.937 (3)-1.951 (3) A) reported for PPh4[Fe'"(bpca)(CN)3].H20. 
The interstitial water molecule in the structure was found to be severely disordered and has been refined as disordered over 
three positions with occupancies of 0.401 (7), 0.322 (7) and 0.277 (6) for 07, 08 and 09, respectively. 

Experimental 

A solution of Tb(N03)3.6H20 (0.05 mmol) in water (10 ml) was added to a solution of Bu4N[Fe"^(bpca)(CN)3] (0.05 mmol) 
in MeCN/H20 [4/1 (V/V), 10 ml] mixture. The resulting solution was filtered and the filtrate was allowed to slow evaporation 
in dark at room temperature. Red block-shaped crystals suitable for single-crystal X-ray diffraction were obtained after two 
weeks. Anal. Calc. for C39H26Fe2Ni207: C, 52.85; H, 2.96; N, 18.96; Fe, 12.60%. Found: C, 53.04; H, 2.73; N, 19.11; 
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Fe, 12.45%. The TGA curve shows 2.17% loss of mass, which is in good agreement with 2.03% calculated for one water 
molecule per asymmetric unit. 

Refinement 

AU non-H atoms were refined anisotropically. All H atoms including ligand and interstitial water were placed in calculated 
positions and with C — H = 0.93-0.97 A, and with C/gq values set at 1.2-1.5 C/gq of the parent atoms. Each asymmetric 
unit contains one crystal water molecule, the water molecule is disordered over three positions with refined occupancies 
of 0.401 (7), 0.322 (7) and 0.277 (6). 



Figures 




Fig. 1 . ORTEP diagram of an asymmetric unit of the title compound. Displacement ellipsoids 
are drawn at the 30% probability level. Hydrogen atoms and the disordered water molecule 
have been omitted for clarity. 



Bis[iV-(pyridin-2-ylcarbonyl)pyridine-2-carboximidato- k iV,iV',iV"]iron(lll) tris(cyanido-KQ[iV-(pyridin-2- 
ylcarbonyl)pyridine-2- carboximidato-K iV,iV',iV"]ferrate(lll) monohydrate 



Crystal data 

[Fe(Ci2H8N302)2][Fe(Ci2H8N302)(CN)3]-H20 

M,-= 886.42 

Triclinic, PI 

Hall symbol: -P 1 

a = 9.6116(12)A 

6= 14.2025 (13) A 

c= 15.1032 (16) A 

a = 98. 154 (2)° 

13 = 99.645 (3)° 

y= 104.558 (2)° 

V= 1930.4(4) A^ 



Z = 2 

P(000) = 904 

Dx= 1.525 Mgm"^ 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 3763 reflections 

6 = 2.1-25.1° 

H = 0.82 mm"^ 
r=291 K 
Prism, red 

0.28 X 0.24 X 0.22 mm 



Data collection 

Rigaku CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and CO scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 

r„in = 0.803, rn,ax= 0.840 

18046 measured reflections 



6943 independent reflections 

6052 reflections with / > 2a(/) 
i?,„t = 0.029 



k = -\A^\l 
/ = -18^17 
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Refinement 

Refinement on 
Least-squares matrix: full 

R[F^ > 2a{F^)] = 0.056 

wR(F^) = 0.132 

5=1.10 

6943 reflections 
562 parameters 
1 restraint 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 

sites 

H-atom parameters constrained 
w = y[<s^{Fj-) + (OMPf + 1.99P] 
where P = (Fo^ + 2FcV3 
(A/aW< 0.001 

Apmax = 0.63 e 
Apmin = -0.61 e A"^ 



Special details 

Geometry. All s.u.'s (except the s.u.'s in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of fit S are based on , convention- 
al /{-factors R are based on F, with F set to zero for negative F^. The threshold expression of > c{F^) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


J!- *IT! 


CI 


0.1550(4) 


0.5880 (3) 


0.2213 (3) 


0.0390 (8) 


HI 


0.1786 


0.6021 


0.1665 


0.047* 


C2 


0.0448 (4) 


0.6193 (3) 


0.2510 (3) 


0.0438 (9) 


H2 


-0.0021 


0.6576 


0.2185 


0.053* 


C3 


0.0037 (4) 


0.5941 (3) 


0.3286 (3) 


0.0450 (9) 


H3 


-0.0770 


0.6107 


0.3456 


0.054* 


C4 


0.0787 (4) 


0.5453 (3) 


0.3816 (3) 


0.0408 (8) 


H4 


0.0568 


0.5324 


0.4372 


0.049* 


C5 


0.1900(4) 


0.5159 (3) 


0.3475 (3) 


0.0397 (8) 


C6 


0.2753 (4) 


0.4547 (3) 


0.3944 (3) 


0.0414 (8) 


C7 


0.4915 (4) 


0.3953 (2) 


0.3852 (2) 


0.0382 (8) 


C8 


0.5828 (4) 


0.3863 (3) 


0.3157 (2) 


0.0418(8) 


C9 


0.6924 (4) 


0.3396 (3) 


0.3248 (2) 


0.0400 (8) 


H9 


0.7134 


0.3133 


0.3768 


0.048* 


CIO 


0.7703 (4) 


0.3318(3) 


0.2579 (3) 


0.0431 (9) 


HIO 


0.8507 


0.3064 


0.2676 


0.052* 


Cll 


0.7332 (4) 


0.3601 (3) 


0.1778 (3) 


0.0476 (9) 


Hll 


0.7813 


0.3504 


0.1302 


0.057* 
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-0.0225 (9) 


0.0250 (6) 




0.5151 (6) 


0.042 (3) 


0.277 (6) 


H9A 


0.0440 


0.0053 




0.5451 


0.050* 


0.277 (6) 


H9B 


0.0062 


0.0784 




0.4956 


0.050* 


0.277 (6) 


Atomic displacement parameters 


(£) 
















^33 






u 


CI 


0.043 (2) 


0.0382 (19) 


0.044 (2) 


0.0177 (16) 


0.0144(16) 


A A1 /T^ /I /;\ 


C2 


0.045 (2) 


0.045 (2) 


0.048 (2) 


0.0183 (17) 


0.0137(17) 


A A1 '2 A /"I 


C3 


0.0360 (19) 


0.051 (2) 


0.047 (2) 


0.0140(17) 


0.0061 (16) 


A r\r\/:/: n q\ 
U.UUdd (,i oJ 


C4 


0.045 (2) 


0.0350(18) 


0.043 (2) 


0.0060(16) 


0.0128(16) 


A Al 1 Q /l 


C5 


0.0242 (16) 


0.0396 (19) 


0.051 (2) 


-0.0031 (14) 0.0082(15) 


A A1 /"I 


C6 


0.039 (2) 


0.0323 (18) 


0.048 (2) 


-0.0011 (15) 0.0074(17) 


A A1 CC /I /;\ 


C7 


0.046 (2) 


0.0321 (17) 


0.0335 (19) 0.0112 (15) 


0.0003 (15) 


A AA/1 Q / 1 /I \ 


C8 


0.042 (2) 


0.042 (2) 


0.0373 (19) 0.0109 (16) 


0.0001 (16) 


A AA/1 C /l 


C9 


0.050 (2) 


0.0384(19) 


0.0352 (19) 0.0128 (16) 


0.0113(16) 


A A1 -50 /I C\ 

U.Ul Jo (,1 


CIO 


0.047 (2) 


0.0387 (19) 


0.045 (2) 


0.0148(17) 


0.0105 (17) 


A AAQC f\ 


Cll 


0.052 (2) 


0.050 (2) 


0.041 (2) 


0.0107(18) 


0.0165 (18) 


U.UU jZ ( i- / ) 


C12 


0.0341 (18) 


0.049 (2) 


0.0373 (19) 0.0028 (16) 


0.0054(15) 


A A1 1 ^ /I 


C13 


0.047 (2) 


0.0344(18) 


0.0318(18) 0.0128(16) 


0.0126(15) 


A AA01 /1/1"\ 

U.UUZl (^14J 


C14 


0.049 (2) 


0.0341 (18) 


0.0343 (18) 0.0173 (16) 


0.0054 (16) 


A AAAA /l /I \ 

U.UUUU (14) 


C15 


0.044 (2) 


0.046 (2) 


0.043 (2) 


-0.0012(17) 0.0067(17) 


-0.0007 (17) 


C16 


0.045 (2) 


0.057 (2) 


0.041 (2) 


-0.0077(19) -0.0025(17) 


0.0113(18) 


C17 


0.044 (2) 


0.0381 (19) 


0.0361 (19) 0.0073 (16) 


0.0102 (16) 


0.0056 (15) 


C18 


0.0288(16) 


0.0315(17) 


0.0397 (19) 0.0094 (14) 


0.0051 (14) 


0.0108(14) 


C19 


0.0319(18) 


0.046 (2) 


0.0382(19) 0.0000(15) 


0.0065 (15) 


0.0156(16) 
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0.010(5 (1 /) 


A nniQ /'i Q\ 
yj.yjZjy (lo) 




U.U4y \Z ) 


A A/1 a /ox 
U.04j (ZJ 


A A/17 /''J^ 
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U.UZVo (IVJ 


A A/1 0 
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0.040 (Z ) 
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O.OOjO (1 j) 
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U.UUU4 yi-J) 


A Al A7 /'I /^\ 

O.OIOZ (lo) 


y^j 1 


A An/; /I Q"\ 


A ATQ 

U.OjcS (ZJ 
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_A AA7Q /I C\ 

0.00ZJ5 (l->) 


A A 1 1 7 /l C\ 
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A AAl A /I A^ 
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o.ojoy (lo) 
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0.001 / (10) 


A AA-JI /I /1"\ 

O.OOjj (14) 


A Al IC /-l C\ 

0.013J (1 J ) 


y^jy 


A Ayl 0 /"J'V 

U.U4Z (^Z J 


A A/1 1 {'^\ 

U.U4i yz) 


A A/1 1 /OX 

U.U4i yZ) 


A Al CC CM\ 

U.Ul J J (1 /) 


A AAC7 /i /:\ 

U.UU jZ (1 oj 


u.uuvu (1 /) 


rCi 


A A^Q'7 CX\ 


A AT) /I /"3'V 

U.UjZ4 (j J 


A AIQQ /"Tv 

O.Oj<5<5 yj ) 


A AAQ 1 /"TA 

O.OOyi yz) 
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O.OOjZ yz) 


A Al 1 A /">A 
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reZ 


A AIOI 

U.UJZi (^j J 
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A AACI 

0.00 J J yz) 


_A AAl 7 /'7\ 
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XT! 
IN 1 
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v.yjjzZ (l J J 
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O.OlZo ylj ) 
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O.Oj /4 (10) 
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A A 1 Al ^'^ A\ 
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A Al 77 /] 7'v 

U.UIZZ (izj 


IN J 


A A/1 AA / 1 C.\ 
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0.001(5 (1^) 


A AA77 /l 7"\ 
0.00 / / (1^) 


IN J 


A A1/1A /'I i:\ 


A A/1 1 /: /I /;\ 
U.U4 i O ^^i Dj 


A AT 17 / 1 C\ 


A AA1Q ^^ i\ 
U.UU3V ( 1 -^) 


A AAC/1 7\ 

U.UU 34 ( IZJ 


U.Ul iz ( iz^ 


INO 


A A/1 17 /I 


A AT AT /■! /1\ 

U.UjUJ (,i4J 


A AT 7C / 1 C\ 


A AACC /I 7\ 

U.UU J J (izj 


A A 1 AQ /l 'X\ 

u.u luy ( 1 3j 


A AHCA ^^ 1\ 

U.UUoO ( izj 


IN / 


A A/1 T 1 / 1 7\ 


A Aa/i/i /I ^\ 


A Aa77 /I /;\ 
0.0 J / / (lO) 


A AA/;7 /i a\ 
O.OOOZ yi-j) 


A AAa7 /i a\ 
U.OOjZ (13) 


A Al /I A / 1 7'v 

U.U14U (IZ) 


INo 






A Ayll 1 /I 7"\ 

0.04j1 (1 /) 


A AACQ /I -5^ 

O.OOjo (1 j) 


_A AAII /l -5^ 

0.0033 (13) 


A Al -27 /■! A\ 

0.013 / (14) 


INy 




A A/1 C/1 /I 7\ 

U.U4j4 (1 /J 


A A/1 1 C /l 7\ 

U.U4 1 J 1 /) 


A AAC/; /l 'I'i 

U.UU DO (1 j) 


U.UU40 (13) 


A Al cc ^^ A\ 
U.UlJj (14J 


XT1 

JN iU 


A A/1 /l 7\ 


A Aim ^^ 7\ 
O.U^yz (1 / j 


A A10A /■! /i\ 

O.OioU (lo) 


A Al AA ^^ 1\ 

0.0100 (13) 


U.U13y (13) 


AAl/1/1 /■1/1\ 

0.0144 (14) 


Ml 1 

In ii 


A An/; /I Q\ 


A A/1 TO / 1 7\ 


A A /I 17 /■ 1 7\ 

0.041 / (1 /) 


A AA77 ^^ A\ 

O.OOZ / (14) 


A AAOa f^A\ 

U.UUc53 (14) 


A Al 7Q /I /1'V 

0.01Zc5 (14) 


In iz 


A AylAA /I 




A AIQ^ /"I 7"\ 

0.0Jy4 (1 /) 


A Al C7 /l A\ 

0.01 J / (14) 


_A AAQ7 /I '2\ 

O.OOo / (13 ) 


A AAQI /'l/l'V 

0.00^3 (14) 


Ul 




A A/1 17 /I /1\ 

U.U4i / (,i4J 


U.U44U ^ J) 


A Al 1/1 /l 1 \ 

U.Ul 34 (11) 


A A 1 1 7 /l 7'\ 

U.U 11/ ( izj 


A Al I'l /l 7'v 

U.Ul 33 (1^) 


kJZ 


A A/1 1 C /l I'V 


A AIQ') /l lA 


A An 1 /"i a\ 
O.OjjI (1 j) 


A Al 1 7 /l 1 \ 

0.01 1 / (11) 


A AAaa /I A\ 
0.0033 (10) 


A ni 1 C /I A'V 

0.01 1 J (10) 


yjj 




A f\A^O (A A\ 
U.U40Z (i4j 


O.OjOy (14) 


A AA7C /l 1 "V 

O.OOZ J (11) 


A AA'57 /I 1 \ 

0.003 /(II) 


A Al /lA /i 1 ^ 
0.0140 (11) 


04 


A Ayl CO /"I C\ 

0.0452 (15) 


0.04o6 (15) 


0.0393 (14) 


A AAAA /"I 0\ 

0.0009 (12) 


AAl nc /"I 1 \ 

—0.0175 (11) 


A Al /"l 0\ 

O.Oloo (12) 


05 


0.0393 (14) 


0.0379 (13) 


0.0449(14) 


0.0123 (11) 


-0.0044 (11) 


0.0150(11) 


06 


0.0384(14) 


0.0379(13) 


0.0455 (14) 


-0.0001 (11) 


0.0125(11) 


0.0105(11) 


07 


0.021 (3) 


0.050 (4) 


0.044 (4) 


0.002 (3) 


-0.005 (2) 


0.009 (3) 


08 


0.041 (5) 


0.054 (5) 


0.066 (6) 


-0.013 (4) 


0.013 (4) 


0.016(4) 


09 


0.031(5) 


0.040 (6) 


0.042 (6) 


0.003 (4) 


-0.010(4) 


0.003 (4) 



Geometric parameters (A, °) 



CI— NI 
CI— C2 
CI— HI 



1.338 (4) 
1.363 (5) 
0.9300 



C24— N6 
C24— H24 
C25— C26 



1.321 (4) 
0.9300 
1.390 (5) 
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0.9700 


C21— C22 


1.453 (5) 


07— H7A 


0.8500 
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0.9300 


08— H8A 


0.8500 
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0.8500 


C22— H22 


0.9300 
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1.014 (16) 
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09— H9A 


0.8500 
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0.9300 
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128.4 (4) 
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Symmetry codes: (i) -x, -y, -z+1. 
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